Abstract Although lymphedema of the arm is a wellknown complication of breast and axillary surgery, breast lymphedema has received scant attention. We sought to prospectively characterize breast lymphedema's incidence, associated symptoms, clinical course, and impact on quality of life. Subjects were enrolled prospectively from a consecutive sample of patients undergoing non-mastectomy breast procedures (excisional biopsy or wide local excision ± lymph node removal) and followed for signs and symptoms of lymphedema in the operated breast. Symptoms and distress were serially assessed with 11-point linear analog scales. Breast lymphedema was diagnosed independent of symptoms, based on the distribution and degree of edema and erythema. One hundred twenty-four women were followed for a median of 11 months, and breast lymphedema was diagnosed in 38 (31%) women. Breast lymphedema was more frequent after breast surgery with axillary node removal (49%) compared to breast surgery alone (0%), p \ 0.0001. Breast lymphedema involved multiple quadrants in most women and was characterized by edema in 100% and erythema in 79%. Patients with breast lymphedema were significantly more likely than women without breast lymphedema to report symptoms of breast heaviness (65% vs 22%, p \ 0.0001), redness (62% vs 29%, p = 0.0006), and swelling (59% vs 22%, p \ 0.0001), but symptom-associated distress was low overall. Three of 32 breast lymphedema patients with clinical follow-up developed chronic edema. Breast lymphedema occurs in approximately one-half of women who undergo breast surgery with axillary node removal. The condition is characterized by diffuse skin edema and erythema as well as self-reported symptoms with a low level of distress.
Introduction
Arm lymphedema is a well-known complication of breast cancer treatment [1] , but lymphedema can also involve the breast [2, 3] . The associated erythema and edema of breast lymphedema may raise concerns for infection or inflammatory cancer, leading to prolonged antibiotics or overly aggressive biopsies [4] . In addition, sentinel lymph node surgery, by disrupting lymph drainage from the breast, may increase risk of breast lymphedema.
Breast lymphedema warrants attention, as lymphedematous tissues are at increased risk of infection and impaired wound healing, possibly leading to delayed chronic cellulitis [5, 6] . Quality of life (QOL) is compromised with arm lymphedema [7, 8] but remains poorly characterized in breast lymphedema. Although a few studies have addressed breast edema after breast-conserving treatment [2, 3] , the existing literature lacks detail on the specific physical findings of breast lymphedema and their distribution within the affected breast, as well as correlation with patient symptoms and QOL. Therefore, the current prospective study of women undergoing breast surgery was conducted to determine the frequency of breast lymphedema and to characterize its physical findings, associated symptoms, clinical course, and impact on QOL.
Methods

Patient population
This prospective study was approved by the Mayo Clinic Institutional Review Board. Women with intact breasts and axillae, defined as an absence of prior mastectomy or axillary surgery, scheduled for unilateral non-mastectomy breast surgical procedures were recruited consecutively for enrollment from the breast surgical practice at the Mayo Clinic Rochester from September 2006 to February 2009. Indications for surgery included either benign or malignant disease. Exclusion criteria included a history of DVT or lymphedema in either upper extremity, or lymphoma or malignancy involving axillary nodes. Enrolled individuals who required mastectomy due to extensive disease were later excluded.
Post-operative visits
Follow-up visits were planned at 1, 3, 6, and 12 months postoperatively, with adequate follow-up defined as one or more follow-up visit(s) in the 3-12 month postoperative period.
Clinician-reported outcomes
At each visit, an experienced nurse study coordinator examined the patient and performed a graded assessment (mild/moderate/severe) for edema and erythema for each breast quadrant and the nipple-areolar complex.
Definition of breast lymphedema
A clinical impression of breast lymphedema was judged to be either present or absent at each visit based on physical findings, i.e., edema, erythema, and their distribution, independent of a participant's present or past symptoms. Cases diagnosed as breast lymphedema were defined as participants with a clinical impression of breast lymphedema beyond the 1 month visit with either (1) moderate or severe signs at C1 visit, or (2) a clinical impression of breast lymphedema with mild signs at C2 visits. Medical record review was utilized to identify breast lymphedema cases among participants who had only one study visit (after 1 month) with mild signs of breast lymphedema. These participants were classified as breast lymphedema cases if non-study care providers documented breast lymphedema at other clinical visits during the 12 month follow-up period.
Reliability of clinical impression of breast lymphedema A sub-study was performed to assess inter-observer agreement among 46 patients recruited by letter from the pool of all enrolled patients. At visits that occurred separately from other study visits, physical examinations were performed independently by three clinicians: the research nurse study coordinator (JPM) who performed[90% of the study breast lymphedema assessments, a breast surgeon (ACD), and a lymphedema specialist (ALC). Breast lymphedema assessments by the nurse study coordinator showed good agreement with both the breast surgeon and lymphedema specialist, with kappa statistics of 0.76 and 0.75, respectively.
Patient-reported outcomes
Participants rated breast heaviness, discomfort, redness, visible swelling, and associated distress using 11-point numerical rating scales [9, 10] . QOL was evaluated with the FACT-B scale [11] . Arm and shoulder disability were evaluated with the quick DASH [12] . The quick DASH contains 11 items and results in a score ranging from 0 to 100, with higher scores indicating more disability/ symptoms.
Electronic medical record (EMR) abstraction
Data abstracted from participants' EMRs included: body mass index, details of the operative procedure, pathologic features, breast lymphedema signs and symptoms reported by non-study clinicians, referral to the Lymphedema Clinic, breast lymphedema treatments, participants' adherence to breast lymphedema treatments, and breast lymphedema progression or improvement.
Statistical analysis
A sample size of 150 patients was planned under the assumption that 30% of subjects would develop breast lymphedema. This would provide 80% power to detect an effect size of 0.50 standard deviations or larger when comparing a quantitative variable (such as total number of symptoms or a QOL scale) between two groups based on a two-sided two-sample t-test with alpha = 0.05.
Comparisons between patients with and without breast lymphedema were made using Chi-square tests for nominal variables and two-sample t-tests for quantitative variables. Because the number and timing of follow-up visits were heterogeneous, the following plan was designated to define the timepoint of data to be used for analyses. In patients who did not develop breast lymphedema, signs, symptoms, and QOL scores recorded at the earliest available of the 3, 6, or 12 month visits were used. In patients defined as cases of breast lymphedema, data from the earliest of these visits in which breast lymphedema was present, was used. Sensitivity analyses were performed and confirmed the robustness of this approach. Additional analyses compared the groups using the worst value during follow-up for each of the measures and the best value during follow-up for each between the two groups. Repeated measures models were also examined. All approaches yielded consistent results, supporting the initial straightforward approach. All tests were two-sided with p-values \0.05 considered statistically significant. Analysis was performed using SAS (Version 9.2, SAS Institute Inc., Cary, NC).
Results
Study population
Study enrollment, eligibility, and follow-up are summarized in Fig. 1 . Although 154 women were consented and enrolled, 30 women were excluded from analysis due to disqualification from eligibility or inadequate followup, leaving 124 as the remaining cohort with adequate followup. Median length of follow-up was 11 months (range: 3-14 months); the number of visits that participants had at 3 months and beyond were: 3 or more visits-48 subjects (39%), 2 visits-40 (32%), and one visit-36 (29%). Median length of follow-up was similar between participants who did, versus did not, meet case definition criteria for breast lymphedema (11.3 and 10.8 months, respectively).
Patients and treatment characteristics
Clinical and surgical baseline characteristics are summarized in Table 1 . Mean age was 59 years (range 36-85 years). In 92 patients (74%), surgery was performed for cancer, with the remaining 32 patients undergoing an excisional biopsy of benign tissue. Of the 92 with cancer, 85% underwent an axillary procedure (either SLNB or ALND) in conjunction with wide local excision (WLE). Among patients with SLNB, a median of three lymph nodes were removed, while the median number of lymph nodes removed for ALND patients was 20. Ninety-one of the 92 patients with cancer (99%) underwent radiation therapy, 61 (66%) received endocrine therapy, and 29 (32%) received chemotherapy.
Frequency of breast lymphedema
Among the 124 analysis-eligible participants, 38 (31%) developed breast lymphedema. Only two subjects qualified for breast lymphedema with moderate/severe signs at a single visit, while 36 had milder signs of breast lymphedema observed at more than one visit. All women who developed breast lymphedema underwent either a SLNB or ALND; conversely, breast lymphedema was not observed in any subjects who underwent breast surgery without an axillary procedure. Among the 78 patients who underwent SLNB or ALND, 38/78 (49%) developed breast lymphedema. The incidence of breast lymphedema was not associated with the extent of axillary surgery, since the frequency of breast lymphedema was similar among women who had WLE ? SLNB (33/67, 49%) compared to those with WLE ? ALND (5/11, 45%), p = 0.82. Clinical impression of breast lymphedema was first noted at the 3 month visit in 18 patients (47%), at the 6 month visit in 15 (39%), and at the 12 month visit in 5 (13% therapy, 4 occurred during radiation, and 30 occurred at least 1 month after completing radiation.
Graded physical findings
All 38 women diagnosed as breast lymphedema cases had skin edema (100%) compared to 10/86 (11.6%) who did not meet the breast lymphedema case definition, p \ 0.0001. Edema in women with breast lymphedema was usually mild (95%) and most often located in the inferior breast (Fig. 2) . The majority of breast lymphedema cases (74%) had edema in more than one quadrant of the breast, with 19/38 showing edema in two quadrants and 9/38 with edema in three or more quadrants. Breast erythema was observed in 30/38 (79%) of those diagnosed with breast lymphedema compared to 11/86 (13%) without breast lymphedema, p \ 0.0001. Among the 30 breast lymphedema cases with erythema of the breast skin, it was mild in 29 (97%) and moderate in 1 (3%). When erythema was present in cases of breast lymphedema, it was usually diffuse (23, 83%), involving two quadrants in 9 women and three or more quadrants in 16. In contrast to edema, erythema was observed at similar frequency among superior and inferior breast quadrants (Fig. 3) .
Symptom scores
Reported symptom data were recorded at similar times postoperatively in patients with (mean 5.5 months) and without breast lymphedema (mean 5.4 months, p = 0.82).
Patients with breast lymphedema had significantly higher scores for breast heaviness, redness, and swelling ( Table 2) . They also had a significantly higher total number of symptoms reported (possible range 0-4), mean 2.6 versus mean of 1.3 in women without breast lymphedema (p \ 0.0001). In the subset of patients who reported at least one symptom, average scores regarding how much they were bothered by the symptom were consistently low in both groups for each symptom (means ranging from 1 to 2 on a scale from 0 to 10) with no significant differences between those with and without breast lymphedema ( Table 2) . Evidence of a ''dose-response'' correlation of symptom scores was observed for edema specifically, with higher levels of distress (mean 2.7 versus 1.0, p = 0.03) corresponding to edema characterized as moderate versus mild.
Quality of life and function scores
Quality of life measures are summarized in Table 3 and are from the same visit for which symptom data were reported. FACT-B subscale and total scores during follow-up did not differ significantly between patients with and without breast lymphedema. The DASH score was added to our study assessments after the study was underway, and is thus available at baseline in only 117/124 patients. Baseline, follow-up, and change from baseline to follow-up DASH scores did not differ significantly between subjects with and without breast lymphedema.
Clinical course
Among 38 subjects with breast lymphedema, 32 (84%) were evaluated in the Lymphedema Clinic, and 30/32 received one or more treatment recommendation(s). The recommended interventions included compression bra (n = 29), manual lymphatic drainage (MLD, n = 22), and compression wrap (n = 5), with more than one of these interventions recommended in 21/30 patients. Three other patients received treatment recommendations from providers outside in the Lymphedema Clinic (1 compression Overall, the median length of clinical follow-up subsequent to diagnosis of breast lymphedema was 11 months (range 0-37 months). The three cases that progressed experienced this outcome despite complying with recommended treatments of compression bra plus MLD (n = 2) and compression bra/MLD/chest compression wrap (n = 1).
Discussion
In this prospective study, breast lymphedema occurred in approximately one half of women following breast surgery with concomitant axillary surgery, whereas breast lymphedema was not observed after excisional breast biopsies or lumpectomies without lymph node removal. Rates of breast lymphedema were similar whether the nodal surgery was limited (SLNB) or more extensive (ALND). These findings support a mechanism of breast lymphedema risk due to disruption of the primary axillary lymphatic drainage pathway. This study's findings agree with the few previous prospective studies examining breast lymphedema incidence but none of these studies offered detailed data on location of physical findings, patient symptoms, or quality of life. Clarke et al. [2] reported in 1982 on 74 patients with a minimum of 1-year follow-up after lumpectomy and radiation. They observed breast edema in 41% of patients with a breast and axillary procedure and breast radiation, similar to the frequency found in the present study. A prospective study by Ronka et al. [3] reported breast lymphedema in 34% of 160 breast conservation patients at 1 year after surgery. More recently, Goffman et al. retrospectively identified breast lymphedema in 11% of 206 women after breast-conserving treatment for cancer [13] , acknowledging that the retrospective approach increased the likelihood of underestimation.
Similar to Goffman et al. [13] , the current study found no difference in the frequency of breast lymphedema after ALND versus SLNB. In contrast, Clarke et al. [2] reported breast edema in 79% of those who underwent ALND compared to 25% of those with axillary sampling. Ronka et al. [3] also found that breast lymphedema was more common after axillary dissection (48% in node-positive patients and 35% in node-negative) compared to sentinel node biopsy (23%). The reason for this discrepancy in findings across studies is unknown, but may be related to lack of standardized diagnostic criteria for breast lymphedema and sample size issues, with relatively small numbers of women with breast lymphedema within subgroups by axillary surgery. The current prospectively conducted study enhances the published literature by providing a combined evaluation of breast lymphedema and correlation with patients' symptoms, limb function, and QOL. Patient reported symptoms correlated strongly with signs of breast lymphedema. In most cases, signs and symptoms were mild, but women with more severe edema reported a higher level of distress. Although breast lymphedema occurs frequently after axillary surgery, most affected women have mild symptoms and very little distress, which likely explains why this condition has not been the focus of much systematic study. Two reports in the late 1980s mentioned breast edema after breast-conserving cancer treatment as a possible source of dissatisfaction [14, 15] .
The relative contributions of surgery, radiation therapy, and systemic drug therapy in the etiology of breast lymphedema remains to be defined [16] . In one study, persistent breast edema was associated with radiation [17] . Clarke et al. [2] observed that approximately one-third of breast lymphedema cases occurred before starting radiation, the majority developed during radiation, and approximately 10% occurred later. In the Goffman study, 12% of breast lymphedema cases occurred before radiation, with the majority during or after [13] . The present study similarly found that approximately 20% of breast lymphedema cases occurred prior to radiation and the majority within a few months after completion of radiation. Most likely, surgical disruption of primary draining lymphatic pathways is sufficient to result in clinical edema in some cases, but in other cases the tissue lymphatics in the postoperative state are functioning near capacity, and the secondary insult of radiation crosses the threshold to overload, yielding clinical edema.
Limitations
A potential limitation of our study is the subjectivity of the breast lymphedema diagnosis that was based on the clinical impression of a care provider. This approach has been used in other published studies because there are no established diagnostic criteria for this condition; furthermore, this approach requires no special equipment and appeared consistent across clinicians in our study. Several approaches were used to validate this study's case definition. First, findings from the 1 month postoperative visit were excluded in establishing the diagnosis of breast lymphedema case definition to reduce confounding from postsurgical edema. Second, an interobserver sub-study was conducted to examine agreement of the clinical impression of breast lymphedema between the study nurse and two physicians who saw the patient on the same day. Finally, medical records of all patients meeting our case definition of breast lymphedema were examined to corroborate the study nurse's impression with the clinical observations and diagnoses of providers separate from the study. Recent preliminary data [3, 18, 19] suggest that both ultrasound and bioimpedance may be useful modalities in the diagnosis of breast lymphedema. Further evaluation is ongoing to compare these two tools with clinical exams and patient reported outcomes.
Another limitation of the current study is that it did not discern the natural history of breast lymphedema because all those judged to have breast lymphedema were recommended to undergo evaluation and treatment. Clarke et al. [2] reported that most patients showed clinical improvement by 2 years and complete resolution by 3 years, although treatments in that trial were not specified. Most women with breast lymphedema in the current study were treated and improved, although they might have improved without treatment. Goffman et al. [13] reported improvement of both arm and breast lymphedema with manual lymphatic drainage. Manual lymphatic drainage and exercise can improve swelling and quality of life for arm lymphedema [20] [21] [22] [23] , but their efficacy in the breast has not been formally investigated. Regardless, the available evidence suggests that the majority of breast lymphedema cases improve. Two other limitations include the fact that this was a single-institution study and the absence of data on patient weight gain and its possible influence on breast lymphedema. Rates of breast lymphedema might vary among surgeons due to differences in surgical technique that could impact lymphatic disruption, making it possible a Follow-up measure reported is from the earliest study visit (later than 1 month) in those without breast lymphedema and in those with breast lymphedema, from the earliest study visit (later than 1 month) where breast lymphedema was present. The mean time from surgery to the date of the reported measure was 5.4 months postop in those without breast lymphedema and 5.5 months postop in those with breast lymphedema that the results from our institution will not generalize well to other settings. Patient weight gain is an important potential risk factor that will be included in a future report assessing risk factors for development of breast lymphedema in these patients. In summary, breast lymphedema occurred commonly after breast-conserving surgery with axillary node removal. Breast lymphedema was characterized by diffuse mild edema and erythema in more than one quadrant, and most affected women have noticeable symptoms but a low level of distress from this condition. However, improved awareness of the condition of breast lymphedema may help to avoid unnecessary use of antibiotics and to assist patients with symptom management. Breast lymphedema usually improves with time, and specific treatment interventions may be beneficial although their efficacy remains unproven.
